Using Sloan Digital Sky Survey (SDSS) QSO spectra taken at multiple epochs, we find that the composite flux differences in the rest-frame wavelength range 1300-6000 8 can be fit by a standard thermal accretion disk model in which the accretion rate has changed from one epoch to the next (without considering additional continuum emission components). The fit to the composite residual has two free parameters: a normalizing constant and the average characteristic temperatureT Ã . In turn, in a standard disk the characteristic temperature is dependent on the ratio of the mass accretion rate to the square of the black hole mass. Therefore, provided enough time has elapsed for a composite disk spectrum to adjust to a new average characteristic temperature, reasonably consistent with the standard model, we conclude that most of the UV-optical variability observed in QSOs may be due to processes involving changes in disk accretion rates. This is consistent with the conclusion that a significant fraction of a QSO's UV-optical spectrum comes directly from the disk.
INTRODUCTION
It has long been suspected that QSOs are powered by matter accreting from a disk onto a supermassive black hole (e.g., Lin & Papaloizou 1996; Ulrich et al. 1997; Mirabel & Rodríguez 1999 , and references therein). Also, a QSO is typically observed to present a ''flattened'' UV-optical spectrum or a ''big blue bump'' (e.g., Shields 1978; Malkan & Sargent 1982; Camenzind & Courvoisier 1984; Elvis et al. 1994; Czerny et al. 2003) . In turn, the big blue bump has generally been interpreted as thermal disk emission (e.g., Elvis et al. 1986; Laor & Netzer 1989; Sanders et al. 1989; Fiore et al. 1995; Gu et al. 2001; Shalyapin et al. 2002) . The standard model is a geometrically thin disk with local thermal emission based on conservation of energy and angular momentum (Shakura & Sunyaev 1973) . The integrated standard disk model continuum presents a ''flattened'' spectrum due to the contribution of different disk surface temperatures at different radii. Reasonable agreements are found with the standard disk model and the UV-optical continua of QSOs (e.g., Malkan 1983; Czerny & Elvis 1987; Wandel & Petrosian 1988; Sun & Malkan 1989; Laor 1990; Krolik et al. 1991; Natali et al. 1998 ).
However, accretion disk continuum fits to the UV-optical spectra of QSOs typically require additional components such as the extrapolation of the X-ray continuum into the UV-optical, the extrapolation of the infrared continuum, and the inclusion of a ''small blue bump'' component near 3000 8 (e.g., Malkan 1983; Czerny & Elvis 1987; Wandel & Petrosian 1988; Sun & Malkan 1989; Laor 1990 ). Also, host galaxy light can contaminate the QSO spectrum at optical and longer wavelengths.
In this work, we study the average residual UV-optical continuum (continuum difference) of QSOs when they vary from their ''faint'' phases to their ''bright'' phases, rather than the continua at either phase. Wilhite et al. (2005) found that the emission lines vary relatively weakly with respect to continuum variations; the residual flux is dominated by continuum changes. By analyzing a composite residual spectrum, we find that the average UV-optical flux difference is approximately the same as that inferred from a standard accretion disk that has changed its mass accretion rate. Of course, this scenario is reasonable only if enough time has elapsed for the disk to adjust to a change in accretion rate. The composite residual is constructed from hundreds of QSOs observed by the Sloan Digital Sky Survey (SDSS; Wilhite et al. 2005) . This study of the residual flux assumes that the UV-optical variability is due to only the disk itself, thus no additional emission components are considered when analyzing the residual. The advantage of this approach is that nonvariable emission sources that contribute to the continua do not contribute to the composite residual.
We are currently studying individual QSO spectra taken from the SDSS. If the continuum UV-optical variability in individual objects can also be accounted for by a standard accretion disk at rest-frame wavelengths longer than Ly 1215 8 emission, then this may also lead to a method to probe the inner disk region by analyzing the difference between EUV 3 rest-frame residual spectra and disk model predictions. The strongest flux for a disk under typical QSO parameters would occur in the EUV, and this emission would be produced in the inner disk region. In turn, the strongest deviations of a real disk from the standard disk model are expected to occur in the inner disk region due to radiative transfer effects (including X-ray irradiation) (e.g., Hubeny et al. 2001 ) and departures of the gravitational force from the standard Newtonian r À2 law (e.g., Frank et al. 1992; Krolik 1999) . Figure 7.3 of Krolik (1999) shows the general relativistic reduction factors.
In x 2 we briefly discuss the emission distribution from a standard disk and present general relationships. We present the form in which the average characteristic disk temperatureT Ã is calculated by analyzing the residual spectrum in x 3. In x 4 we apply the discussions of the previous two sections to a composite spectrum constructed from SDSS data. Summary and conclusions are presented in x 5.
STANDARD DISK MODEL

General Comments
We assume in this paper that any observed variability in a QSO's UV-optical continuum is solely due to a change in its accretion disk, and that a change in the accretion disk is due to a change in the disk's mass accretion rate (but see x 2.3). We also assume that the radial emission of the disk follows that of the standard disk model.
It is obvious that the standard disk model is an idealization, just as the assumption of blackbody emission is an idealization for the continua of stellar spectra. However, we choose to apply the standard model to this variability analysis for three reasons. First, the standard disk model includes much of the physics of an accretion disk, such as gravity from a large central mass determining the average velocity fields in the disk, angular momentum transport, conversion of gravitational energy to radiative emission (where in the standard model it is assumed to be locally blackbody), and a monotonic increase in temperature with decreasing radius (except at radii close to the inner disk radius). Local blackbody emission is a reasonable first approximation that accounts for the relatively ''flat'' continua observed in systems in which accretion disks are inferred.
Second, the radial emission distribution of the standard model is independent of the vertical disk structure and the details that generate viscosity within the disk; thus, in the study of continuum variability, the standard model can be reduced to the dependence on only two basic physical parameters, namely: the central black hole mass M bh and the disk mass accretion rateṀ accr .
Third, it may be premature to use the more detailed, albeit more realistic, models of the disk continuum developed after Shakura & Sunyaev (1973 ) (e.g., Czerny & Elvis 1987 Wandel & Petrosian 1988; Sun & Malkan 1989; Laor 1990; Ross et al. 1992; Coleman & Shields 1993; Shields & Coleman 1994; Störzer et al. 1994; Dörrer et al. 1996; Hubeny et al. 2000 Hubeny et al. , 2001 . They generally do not present significant differences with the continuum of the standard model at wavelengths greater than $3600 8, but there are strong differences at wavelengths P1300 8 (see Fig. 13 in Hubeny et al. 2001 ). Since we are analyzing rest wavelength ranges >1300 8, the conclusions of this work will not be significantly affected by discrepancies in the region containing the strongest predicted differences (k < 1300 8). For the 1300-3600 8 regime we note that Hubeny et al. (2000 Hubeny et al. ( , 2001 ) discuss some of the predictions of more realistic models near the Balmer edge, effects due to the inclusion of heavy elements, and anisotropy in spectral shape due to viewing angle. Thus, after applying the standard model in this analysis, as opposed to a more detailed one, it will be of some interest to compare standard model predictions to observed composite spectrum residuals in the 1300-3600 8 range.
To extend the above point even further, we note that more detailed models clearly show that radiative transfer effects (that must be present) can generate significant changes in the disk continuum in the EUV. Therefore, if the analysis presented here continues to hold up for individual objects, and if it can be demonstrated that the residual spectrum of a QSO in a high versus low state is due to a change in accretion rate, it may be possible to study the emission contribution and structure of the inner disk region by analyzing the deviations in EUV variability between the standard model, more advanced models, and actual observations.
Radial Emission Distribution
The radial emission distribution of the standard accretion disk model (Shakura & Sunyaev 1973 ) is based on the following nine assumptions: (1) the disk is steady; (2) it is azimuthally symmetric; (3) the gravitational field is Newtonian; (4) the mass of the disk is negligible compared to that of the black hole; (5) the mass within the disk follows Keplerian orbits; (6) conservation of angular momentum holds as shear stresses cause the disk mass to spiral inwards; (7) the shear stress in the disk at the innermost radius is zero; (8) conservation of energy holds as the loss of gravitational energy is converted into radiation; and (9) the disk surface emission is locally blackbody. We also make the additional assumptions that the outer disk radius is much larger than the inner disk radius and, as was done by Shakura & Sunyaev (1973) , that the innermost disk radius is given by the last stable circular orbit as determined by general relativity (GR) under a Schwarzschild metric.
Thus, one finds (e.g., see Frank et al. 1992 ) that the luminosity of the standard disk is
where G is the gravitational constant, c is the speed of light, M bh is the black hole mass, h is Planck's constant, k is Boltzmann's constant, s is the radius divided by the innermost disk radius, the function t(s) ½s À3 (1 À s À1/2 ) 1/4 , and the expression for the characteristic temperature is
whereṀ accr is the mass accretion rate and S is the StefanBoltzmann constant. From the results of this standard disk formalism it can be seen that the continuum shape of a standard disk with black hole mass M bh depends on only one physical parameter, the characteristic temperature T Ã .
Qualitative Comparison with Observations
As discussed in x 1, different authors have noted that the ''flattened'' UV-optical spectra observed in QSOs are qualitatively consistent with disk models. To illustrate this point, we show in Figure 1 the luminosity calculated using equation (1) for different disk mass accretion rates superimposed with a QSO composite constructed from SDSS data by Wilhite et al. (2005) . In Figure 1 it can be seen that changes in the mass accretion ratė M accr produce changes in the form of the disk continuum spectrum. The intent of this study is to use residual spectra (i.e., the difference between two spectra observed at different epochs) to make comparisons with disk models. Thus, one further assumption of this work is that there is sufficient time between mean observation epochs to permit us to model the change in brightness with a change in mass accretion rateṀ accr . That is, there is the implicit assumption that enough time has elapsed between the bright and faint phases of the composite QSO spectra for the accretion disks to adjust to a new characteristic average temperature that is reasonably well approximated by the standard model. The degree to which this assumption may hold is unclear. See, for example, Pringle (1981) , Krolik (1999) , and Webb & Malkan (2000) for some discussion on timescales.
The majority of AGNs present continuum variability on the order of 10% on timescales of months to years (Sirola et al. 1998; Vanden Berk et al. 2004) . It is notable that these timescales are roughly consistent with estimated sound-speed timescales for accretion disks in AGNs. Sound-speed timescales measure the time it takes a density and pressure perturbation (i.e., a sound wave) to travel over a significant portion of the disk; such a perturbation would originate, for example, if there was a change in mass accretion rate.
4 For the standard model the radiative emission depends directly on the mass accretion rate (eqs.
[1] and [2]). When adjusting to a change in accretion rate, the disk would have to reestablish some degree of thermal balance. The thermal timescale, given by the ratio of the disk thermal content to its heating rate, is inversely proportional to the viscosity, which is largely unknown. The upper limit on the time it takes a disk to adjust to an accretion rate variation would involve the inflow timescale, so this may also be relevant. The inflow timescale is characteristically a factor of (r/h) 2 larger than the thermal timescale, where r is disk radius and h is disk thickness. Thus, given the current understanding of AGN accretion disk models, it is not straight forward to evaluate the assumption that enough time has elapsed for the disk to adjust to a new standard disk with a different characteristic temperature. Indeed, the results of this work, which we show are empirically consistent with interpreting the change in composite brightness as a change in accretion rate (x 4), may also be revealing important clues about the geometry and (especially low) viscosity of AGN accretion disks. In fact, some investigators (e.g., Siemiginowska & Czerny 1989; Starling et al. 2004 ) have used observed brightness variations to infer constraints on accretion disk viscosity. Figure 2 shows the relative change in flux of a standard disk versus mass accretion rate for different wavelengths for our ). This plot illustrates that the UV-optical continuum of QSOs is qualitatively consistent with thermal emission from an accretion disk. Also, different T Ã values lead to changes in the shape of the disk continuum spectrum. The composite spectrum was constructed using single-epoch spectra (no QSO contributing more than one spectrum) from the SDSS Data Release 1 QSO catalog, regardless of the variability properties. ). This figure shows that, within typical QSO parameters, the continuum spectrum of a standard disk becomes bluer as its mass accretion rate increases (or equivalently, as its luminosity increases). This is consistent with observations of UV-optical variability in QSOs, in that, as discussed in the text, the QSO UV-optical continuum typically becomes bluer as it becomes brighter. model. The value of black hole mass used is M bh ¼ 10 9 M . The change in mass accretion rate is assumed constant (ÁṀ accr ¼ 0:04 M yr À1 ). Figure 2 shows that, within typical QSO parameters, the continuum spectrum of a standard disk becomes bluer as its mass accretion rate increases (or equivalently, as its luminosity increases). This is qualitatively consistent with observations that show that the optical-UV continua of QSOs are generally bluer in more luminous phases (e.g., Cutri et al. 1985; Edelson et al. 1990; Kinney et al. 1991; Paltani & Courvoisier 1994; Webb & Malkan 2000; Vanden Berk et al. 2004; Wilhite et al. 2005 ).
DETERMINATION OFT
Ã FROM THE RESIDUAL SPECTRUM
General Comments
In performing fits to the residual spectrum, we assume that the shape of the disk flux continuum is isotropic (projection effects will introduce a viewing angle dependence to the observed disk flux, but independent of wavelength), and thus the observed disk flux would be equal to the luminosity up to a normalizing constant. Relativistic effects will introduce dependence of the continuum shape on viewing angle (e.g., special relativistic beaming and GR light bending). Radiative transfer effects (e.g., limb darkening) will also introduce dependence of the continuum shape on viewing angle; however, disk atmosphere models suggest that for wavelength ranges above $3600 8 significant changes in the continuum shape will occur only at high viewing angles (close to edge-on). The strongest changes for wavelengths between $1300 and $3600 8 will also occur at high viewing angles (see Fig. 12 in Hubeny et al. 2000) , and that would include only a fraction of objects assuming a random disk orientation in the QSO population.
Determination of the Average Characteristic Disk TemperatureT
Ã
To simplify the expressions, we define
The observed disk flux f o;k will be proportional to the disk luminosity (eq.
[1]). Therefore,
where c o is a constant that depends on the black hole mass (see eq.
[1], the object's cosmological distance, and the disk viewing angle (as a consequence of the projected area of the disk).
In this work, we assume that between the two epochs, the disk evolves from one steady state to another steady state with a change in mass accretion rate ÁṀ accr . Since the black hole mass would not change significantly on the timescales considered here, it follows that the normalizing factor c o remains constant, but the characteristic disk temperature T Ã will vary (eq.
[2]). Therefore, the residual spectrum Á f o;k is given by
where the subindexes 1 and 2 correspond to each epoch.
Considering a Taylor series about the average characteristic temperatureT
and defining
we have
and
It follows that
Therefore, considering equation (5), the residual spectrum Áf o;k is given by
In this work, to simplify the analysis, we introduce the following approximation:
The function g k (eq.
[3]) depends on only one independent physical parameter, the characteristic temperature T Ã . Therefore, the process of fitting the residual spectra is reduced to the determination of two parameters: the product c o ÁT Ã and the average characteristic temperatureT Ã . We determine these two parameters by the standard method of maximum likelihood under the assumption of Gaussian flux error distributions. That is, we determine the values of the two free parameters, c o ÁT
where i is the error on the measurement of flux variation at wavelength k i . The standard deviation on the values of each of the two free parameters is calculated assuming, once again, standard Gaussian distributions.
We wish to note at this point that our first attempt to determine characteristic disk temperature was based on minimizing
i (rather than minimizing eq.
[13]), and this in turn implied determining the three free parameters c o , T Ã bright , and T Ã faint (rather than the two free parameters c o ÁT Ã andT Ã ). One obvious potential advantage of this alternative method is that in principle it can be applicable for an arbitrarily large temperature difference
However, when we applied the method to actual data we found that there were several pairs of (T Ã bright , T Ã faint ) that produced local minima in the corresponding 2 . On further analysis we found that the different determined pairs (T
. This clearly suggested that theT
Ã was, at least in our initial test cases, better constrained than either T Ã bright or T Ã faint . This specific result can be understood in terms of the standard disk model when ÁT Ã is relatively small, as can be seen from equation (11) if the higher order terms of the expansion on the right hand side are negligible. Developing a fitting method based onT Ã lead us to the method we present here.
Testing the Method Against ''Simulated'' Data
In order to test the ability of the method described in x 3.2 to determine correct values ofT Ã , 5 we apply it to ''simulated'' data in which the exact value ofT Ã is previously known. For the test data, we have fixed the valueT Ã ¼ 70;000 K (which corresponds to typical QSO parameters: M bh ¼ 10 9 M , M accr % 1 M yr À1 ), and have varied the value of ÁT Ã for the assumed constant black hole mass of M bh ¼ 10 9 M . We have also assumed an error of 5% on measurement of flux at all wavelengths for both the ''bright'' and the ''faint'' epochs.
That is, we have calculated the luminosity for T Ã 2 ¼T Ã þ ÁT Ã /2 from equation (1) forT Ã ¼ 70;000 K, for the aforementioned value of black hole mass, for a discrete number of wavelengths between 1300 and 6000 8, and taken these to be the measured data points for the bright phase with a measurement error of 5% on all points. Equivalently, we have also calculated the luminosity for T Ã 1 ¼T Ã À ÁT Ã /2 from equation (1) and taken these values to be the measured data points for the faint phase. The specific values used for the wavelengths k i are taken to be same as those obtained through the construction of the SDSS composite spectra that is studied in x 4.
In Figure 3 , we show the estimated valueT Ã versus the variation in temperature ÁT Ã . For the above parameters, accurate values forT Ã are obtained for variations in temperature of up to ÁT % 15;000 K. That is, the method estimates accurate values forT Ã (for the parameters used here) for changes in mass accretion rateṀ accr of up to approximately a factor of 2 (see eq.
[2]). The reason that the characteristic temperatureT Ã becomes overestimated for larger variations in temperature ÁT Ã (see Fig. 3 ), is that the third and greater order terms of equation (11) are no longer negligible.
In Figure 4 , we show the standard deviation of the estimated value ofT Ã , TÃ versus the variation in temperature ÁT Ã . For the above physical parameters, the standard deviation TÃ is less than 15,000 K for values of ÁT Ã greater than %250 K. The reason that TÃ becomes significantly large (i.e., comparable to the value ofT Ã ) at very low temperature variations ÁT Ã , is that errors on the flux measurements of the bright and faint phases become larger than the residual flux.
Thus, we have shown that for a disk characteristic temperature of 70,000 K, if the UV-optical variability in QSOs is due to 5 Assuming of course that a reasonable value for 2 /n is found, where n is the degrees of freedom; i.e., n ¼ number of data points À number of free parameters.
Fig. 3.-T
Ã estimated through the method discussed in x 3.2 for ''simulated'' data between rest-frame wavelengths of 1300 and 6000 8, that is, for simulated data representing the exact residual flux from the standard disk model (x 2). The exact value ofT Ã is 70,000 K, and a measurement error of 5% on the simulated flux measurements of the bright and faint phase is assumed. For the above parameters, accurate values forT Ã are obtained for variations in temperature of up to ÁT % 15;000 K. That is, the method estimates accurate values forT Ã (for the parameters used here) for changes in mass accretion rateṀ accr of up to approximately a factor of 2 (see eq.
[2]). The reason that the characteristic temperatureT Ã becomes overestimated for larger variations in temperature ÁT Ã , is that the third and higher order terms of eq. (11) are no longer negligible. Ã obtained through the method discussed in x 3.2 for ''simulated'' data as described in and for the same physical parameters of Fig. 3 . The exact value ofT Ã is 70,000 K. For the above physical parameters, the standard deviation TÃ is less than 15,000 K for values of ÁT Ã greater than %250 K. The value of TÃ becomes significantly large (i.e., comparable to the value ofT Ã ) at very low temperature variations ÁT Ã because errors on the flux measurements of the bright and faint phases become larger than the residual flux.
changes in mass accretion rateṀ accr , then the method described in x 3.2 will be capable of accurately and effectively constraining the average disk characteristic temperatureT Ã , as long as the temperature variation ÁT Ã is greater than %250 K and the changes in mass accretion rateṀ accr are not significantly greater than about a factor of 2.
APPLICATION TO SDSS COMPOSITE SPECTRA
Construction of the Composite Residual Spectrum
The systematic construction of the composite residual spectrum from over 300 QSOs taken from the SDSS is discussed in detail in a separate paper ( Wilhite et al. 2005) . To avoid redundancy, we shall present here only a brief discussion of the construction of the composite, and focus rather on analyzing the composite residual within the assumption that it is generated by a change in mass accretion rate of a standard disk that evolves from one steady state to another, applying the methods discussed above.
The SDSS (see York et al. 2000; Stoughton et al. 2002 , and references therein for a technical summary) is producing a large homogeneous sample of spectroscopically observed QSOs (Schneider et al. 2003) . The QSOs are targeted ( Blanton et al. 2003) according to the algorithm described by Richards et al. (2002) from photometric data in the SDSS imaging survey ( Fukugita et al. 1996; Gunn et al. 1998; Hogg et al. 2001; Smith et al. 2002; Pier et al. 2003; Ivezic et al. 2004 ). Most of the QSOs used by Wilhite et al. (2005) are identified in the third SDSS data release (Abazajian et al. 2005) . QSOs that were spectroscopically observed at least twice by the SDSS (see Fig. 5 for a rest-frame time lag histogram of the sample) were searched for clear evidence of variability in the observer frame optical ( UV-optical QSO rest frame). Stars observed simultaneously with the QSOs were used to calibrate the observed fluxes (under the assumption that the stellar fluxes are constant), and to systematically establish the maximum variation in flux measurements that could be attributed to experimental noise.
As discussed by Wilhite et al. (2005) , the redshift and absolute magnitude distributions of the variable and nonvariable QSO samples are indistinguishable. The median redshifts are z ¼ 1:47 and 1.51 for the variable and nonvariable samples respectively, and the respective median absolute magnitudes are M r ¼ À24:9 and À25.2.
A residual spectrum was calculated for each of the QSOs that were identified to have clearly presented a variation in its UVoptical rest-frame continuum. The individual rest-frame residual spectra were scaled to unity at a predefined wavelength (3060 8). The composite residual ( Fig. 6) was then constructed by averaging the individually scaled residual spectra.
Note that there was no selection of the sample with respect to the possible influence of dust characteristics. It is conceivable that the sample is biased in some way-having either more or less dust than other QSOs-but such a bias, if present, is not obvious, and this possibility was not investigated. Whether dust and variability are correlated in some way is beyond the scope of the present paper. However, the effect of dust extinction would be to redden the difference spectra, so our temperature estimates would be biased to lower values.
Fitting the Residual Spectrum
Following the methods discussed in x 3.2, we have fit the SDSS composite residual spectrum discussed in x 4.1. As discussed in x 3.2, the two free parameters of the fit are a constant scaling factor and the average disk characteristic temperatureT Ã .
As discussed by Wilhite et al. (2005) , the strength of the emission line components in the residual are significantly reduced with respect to the line strengths in the spectra of either the bright or faint phases; this point is illustrated by comparing Figures 1  and 6 . That is, relative to the continuum variations, the emission lines vary relatively weakly. However, residual features at the locations of some major emission lines are visible in the composite difference spectrum. We calculate several different fits to the residual spectrum by using the whole data spectrum (800-6000 8), by excluding wavelengths below 912 8 (i.e., below the Lyman limit), by excluding wavelengths below 1300 8 (to exclude flux contributions from the Ly 1215 8 line and to avoid the Ly forest absorption), and by excluding the contribution of other strong emission lines. The results are presented in Table 1 . The second column gives the wavelength ranges used for the fits, the third column lists strong emission lines whose flux contributions are excluded from the fits (due to the wavelength ranges of the first column), the fourth column gives the derived average characteristic temperaturesT Ã , the fifth column gives the derived uncertainties (2 ) onT Ã (calculated under the standard assumption of Gaussian distributions), and the sixth column gives the reduced chi-squared values 2 /n (where n is the number of degrees of freedom [number of data points minus number of free parameters]).
In Figure 7 , we present the composite QSO residual spectra derived from SDSS data excluding wavelengths lower than 1300 8, and excluding wavelengths associated with the four emission lines indicated in the third column of the last row of Table 1 , superimposed with the fit of a standard disk that has changed its mass accretion rateṀ accr . The average characteristic temperature of the fit isT Ã ¼ 92;700 K AE 700 K and the value for the reduced 2 of the fit is 2 /n ¼ 2:993 (see the last row of Table 1 ). Figure 7 shows that the composite residual spectrum is quantitatively consistent with the explanation that the residual is caused by the change of mass accretion rateṀ accr in a standard disk.
The best fit to the residual spectrum for a single-temperature blackbody is also shown in Figure 7 . The blackbody fit with a temperature of 15,500 K is clearly quite poor. Models for which the difference spectrum might reasonably be described by a single blackbody, such as individual supernova explosions or localized hot spots, are not supported by the composite residual spectrum.
Almost all the data used here are different subsets of wavelengths above the Lyman limit (912 8) of the QSO rest frame (Table 1 ). Below these wavelengths it is likely that deviations between the observations and the standard disk model will occur for several reasons. First, as discussed in x 1, deviations of a real disk from the standard model are expected below the Lyman limit due to radiative transfer effects and due to the departure of the gravitational force from the standard Newtonian form in the inner disk region. Second, for higher redshifts QSOs, it is more likely that intervening neutral hydrogen systems will produce Composite QSO residual spectrum derived from SDSS data. Right: Same plot in log-log scale. Details on the construction of the composite are presented in a separate paper ( Wilhite et al. 2005) . The flux of the residual spectrum tends to become larger at lower wavelengths. Although the strength of the emission lines is significantly reduced in the residual spectra, with respect to corresponding line strengths in the spectra of either the bright or faint phases (e.g., see Fig. 1 ), they are still detectable. -Composite QSO residual spectra derived from SDSS data, excluding wavelengths lower than 1300 8 and excluding wavelengths associated with the four emission lines indicated, superimposed with the fit of a disk (solid curve) that has changed its mass accretion rateṀ accr . The average characteristic temperature of the fit isT Ã ¼ 92;700 K (see last row of Table 1 ). The maximum disk surface temperature T max is approximately one-half of the characteristic temperature T Ã (see x 2.2). In addition, the best blackbody fit (dotted curve; T BB ¼ 15;500 K) to the composite residual is also shown. significant absorption ( Ly forest) ''occulting'' of the disk continuum at wavelengths lower than the Ly 1215 8. A third reason is that other possibly variable components, such as a Compton upscattering component extending from X-ray wavelengths, which do not originate directly from the disk, will be important.
The average characteristic temperature that we derive from the composite residual spectra is thus independent of the continuum turnover that may or may not occur at k < Ly. In fact, most of the fits are based on wavelengths above 1300 8 (Table 1 ; Fig. 7 ). The reason this is significant is that the characteristic temperature of the standard disk model is strongly dependent on the actual disk continuum turnover and in particular on the wavelengths at which this turnover occurs. Thus, if an observational continuum turnover is introduced at the Lyman limit due to radiative transfer effects at or near the disk or due to intervening absorption systems, rather than due to the radial distribution of disk photospheric emission, then attempts to fit the residual including data points below the Lyman limit would produce inconsistencies that could cause the disk characteristic temperature to be significantly underestimated.
This analysis has been applied only to a composite residual spectrum, and so it should give a reasonable value of T Ã for typical QSOs. However, as we have not done this for individual QSOs, we do not know the distribution of T Ã , nor its dependence on luminosity or other QSO parameters.
In Figure 8 we show the bright SDSS QSO spectral composite and the faint SDSS QSO spectral composite (Wilhite et al. 2005) , superimposed with the continuum of a standard disk (up to a normalizing constant) corresponding to a characteristic temperature of T Ã ¼ 92;700 K. When the accretion disk fit is applied to the composite continuum (rather than to the residual), while roughly reproducing the overall UV-optical continuum, it does not present such an excellent agreement with observations as it does with the composite residual (Fig. 7) . Within the context of the models that are applied here, this is due to the contribution of nonvariable sources that do not originate directly from the accretion disk. For example, the disk model continuum tends to underestimate the observed emission around $3000 8, corresponding to the ''small blue bump'' emission, which is probably composed mainly of Balmer continuum emission and Fe line complexes.
SUMMARY AND CONCLUSIONS
Under the assumption that the UV-optical variability in QSOs is due to a change of mass accretion rate in a standard disk, we have analyzed a composite QSO residual spectrum constructed from hundreds of objects observed by the SDSS. An advantage of using difference spectra is the ability to remove nonvariable components from the analysis. We have shown that our analysis technique can recover disk parameters in simulated data. The model is relatively simple-the shape of a difference spectrum depends only on the disk characteristic temperature T Ã . Our main conclusion is that, on average (i.e., through the SDSS composite), in the wavelength range 1300-6000 8, residual QSO spectra can be quantitatively accounted for by a standard thermal disk that has varied from one steady state to another by changing its mass accretion rate. As emphasized in x 2.3, this result additionally relies on the assumption that a sufficient amount of time has elapsed between the mean epochs that characterize the high and low QSO states, such that the formalism developed here is valid.
Under our assumptions, these results suggest that UV-optical variability in QSOs is due to processes involving an accretion disk, and specifically that changes in mass accretion rates play a role. This is consistent with the idea that a significant fraction of the UV-optical spectrum comes directly from the disk, which has been suggested by many different authors.
We are currently studying individual QSO spectra taken from the SDSS. If the analysis shows consistency with individual objects, as it has done here for composite spectra, then we may have a method to probe the inner disk region by analyzing the difference between variable EUV and the standard disk model predictions. Also, if this method can be used with higher order terms, then there is a possibility of separating and determining black hole mass M bh and disk mass accretion rateṀ accr , for direct comparison with other methods of measuring these parameters.
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